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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a vehicle speed
control apparatus of an industrial vehicle.

[0002] Japanese Patent Application Publication No.
7-11987 discloses a control apparatus of a forklift truck
having a structure wherein the accelerator pedal is not
connected to a throttle valve of an engine of the forklift
truck and the control apparatus is configured to control
the traveling speed of the forklift truck for an optimum
fuel consumption, as well as to provide ordinary speed.
Specifically, for achieving a target engine speed for low
fuel consumption rate according to a throttle opening of
an engine, the control apparatus is configured to control
the throttle opening and transmission ratio of HST (Hy-
draulic Static Transmission) by feedback control based
on vehicle speed and engine speed.

[0003] The control apparatus of the above-cited pub-
lication adopts feedback control for vehicle speed control.
In the vehicle speed control by feedback control, engine
output power is determined based on the deviation be-
tween atargetvehicle speed and an actual vehicle speed.
The deviation of the vehicle speed is decreased with a
decrease of the target vehicle speed. For example, when
the lift of a forklift truck is being raised by inching operating
of the pedal, the forklift truck may fail to increase the
engine speed to the desired level. Especially, in a forklift
truck, in which the engine supplies power not only for
traveling, but also for load handling unlike a passenger
car, the engine speed needs to be increased to a level
that is enough for the engine to supply required power
for load handling, as well as for traveling, irrespective of
a target vehicle speed. That is, the feedback gain of the
vehicle control apparatus needs to be large. This is also
true for a traction vehicle. In this case, the required power
is depending on the presence or absence of any object
to be towed and the load of the object.

[0004] In contrast, in the case of starting a vehicle
wherein the deviation between a target vehicle speed
and an actual vehicle speed is large, the target engine
speed becomes too high if feedback gain is large, so that
the vehicle may be accelerated excessively or overshoot
in the vehicle speed may occur.

[0005] In the case of a gasoline engine whose re-
sponse to a command for increasing the engine speed
is slow, time lag occurs in increasing the engine speed
and the deviation for feedback control is accumulated,
so that the target engine speed becomes too large and
overshoot in the vehicle speed tends to occur. Inthe case
of a diesel engine whose response to the command is
faster than in the gasoline engine, the vehicle tends to
be accelerated excessively immediately after starting a
vehicle and when the deviation of the vehicle speed is
large.

[0006] The presentinvention which has been made in
light of the problems described above is directed to pro-
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viding a vehicle speed control apparatus of an industrial
vehicle which prevents excessive acceleration of a vehi-
cle and overshoot of a vehicle speed while securing an
engine speed required for load handling.

SUMMARY OF THE INVENTION

[0007] In accordance with an aspect of the present in-
vention, a vehicle speed control apparatus of anindustrial
vehicle has a controller that determines a target engine
speed by Pl controlbased on a deviation between atarget
vehicle speed and an actual vehicle speed. The controller
controls an upper limit of the target engine speed accord-
ing to an actual engine speed.

[0008] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:

FIG. 1 is a schematic diagram showing a configura-
tion of a vehicle speed control apparatus according
to an embodiment of the present invention;

FIG. 2 is a block diagram showing a procedure for
calculation of the target engine speed for the vehicle
speed control apparatus of FIG. 1;

FIG. 3 is a flow chart showing the controlling of the
vehicle speed control apparatus of FIG. 1; and

FIG. 4 is a graph showing the relation among a target
vehicle speed, an actual vehicle speed, a target en-
gine speed and an actual engine speed in the con-
trolling by the vehicle speed control apparatus of
FIG. 1.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] The following will describe a vehicle speed con-
trol apparatus of a forklift truck as an industrial vehicle
according to the embodiment of the present invention
with reference to FIGS. 1 through 4. Referring to FIG. 1,
the forklift truck that is designated by reference numeral
10 includes an engine 11, a hydraulic pump 12, a control
valve 13, a torque converter 14 and a transmission 15
as the power system of the forklift truck 10. A diesel en-
gine is used as the engine 11. The hydraulic pump 12 is
driven by the engine 11. The control valve 13 controls
the flow of hydraulic oil for a lift cylinder and a tilt cylinder
of a load handling system of the forklift truck 10 through
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tubes (not shown). Power of the engine 11 is transmitted
through the torque converter 14 to the transmission 15,
from which the power is further transmitted through a
forward or reverse clutch that is provide in the transmis-
sion 15 and not shown to the drive wheels 16, thus al-
lowing the forklift truck 10 to travel.

[0011] Theforklifttruck 10 furtherincludes several sen-
sors that are used for travel control and engine control.
The engine 11 has an engine speed sensor 17 for de-
tecting an engine speed of the engine 11 and generating
a detection signal (an engine speed signal) according to
the detected engine speed. The transmission 15 has a
vehicle speed sensor 18 for detecting the vehicle speed
by measuring the speed of a gear that is fixed on the
output shaft of the transmission 15 and generating a de-
tection signal according to the detected vehicle speed.
[0012] The forklift truck 10 further includes an acceler-
ator pedal 19 that is not connected to a throttle valve of
the engine 11 and serves as a means for controlling the
acceleration. The accelerator pedal 19 has an accelera-
tor pedal sensor 20 for detecting the amount of depres-
sion of the accelerator pedal 19 and generating a detec-
tion signal according to the detected depression amount
of the accelerator pedal 19.

[0013] The forklift truck 10 further includes a lift lever
21 that is used for load handling. The lift lever 21 is con-
nected to a lift lever sensor 22 serving as a means for
detecting the lift amount. The lift lever sensor 22 gener-
ates a detection signal according to the detected lift
amount of the lift lever 21.

[0014] The forklift truck 10 further includes an engine
ECU (electronic control unit) 23 for controlling the engine
11 and a controller 24 for controlling the forklift truck 10.
The engine ECU 23 and the controller 24 are electrically
bidirectionally connected and cooperate to form a part of
the vehicle speed control apparatus.

[0015] The engine ECU 23 has a CPU (central
processing unit) and a memory unit in which control pro-
grams and mapped data are stored for controlling the
engine 11. The engine ECU 23 controls the engine 11 in
such a way that the engine speed becomes the target
engine speed commanded by the controller 24.

[0016] The controller 24 has a CPU and a memory unit
in which control programs for controlling the traveling and
load handling of the forklift truck 10 are stored. FIG. 2
shows an example of a control program stored in the
memory unit for determining the target engine speed. In
FIG. 2, the part of the program enclosed by dotted line
is different from the program used in the conventional
apparatus. Mapped data for controlling traveling and load
handling of the forklift truck 10 is also stored in the mem-
ory unit. The controller 24 controls traveling and load han-
dling of the forklift truck 10 based on input data of detec-
tion signals from the engine speed sensor 17, the vehicle
speed sensor 18, the accelerator pedal sensor 20 and
the lift lever sensor 22.

[0017] Referring to FIGS. 2 and 3, the following will
describe the operation of vehicle speed controlling by the
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vehicle speed control apparatus having the above-de-
scribed configuration. The controller 24 calculates a tar-
get engine speed No in terms of RPM at a predetermined
control time interval according to the flow chart shown in
FIG. 3 and generates a signal indicative of the calculated
target engine speed No to the engine ECU 23. Based on
the input data of the target engine speed No from the
controller 24, the engine ECU 23 controls the engine 11
so that the engine speed becomes the target engine
speed No.

[0018] Specifically, in the step S1 of FIG. 3, the con-
troller 24 receives detection signals from the engine
speed sensor 17, the vehicle speed sensor 18 and the
accelerator pedal sensor 20 as input data. In this case,
the detection signal of the engine speed sensor 17 is sent
through the engine ECU 23 to the controller 24. In the
step S2, the controller 24 calculates the actual engine
speed N, the actual vehicle speed V and the actual de-
pression of the accelerator pedal 19 based on the detec-
tion signals of the engine speed sensor 17, the vehicle
speed sensor 18 and the accelerator pedal sensor 20,
respectively. In the step S3, the controller 24 calculates
the target vehicle speed Vo based on the calculated ac-
tual depression of the accelerator pedal 19. In the step
S4, the controller 24 calculates the deviation Vd between
the actual vehicle speed V and the target vehicle speed
Vo. In the step S5, the controller 24 calculates the target
engine speed No based on the deviation Vd between the
actual vehicle speed V and the target vehicle speed Vo.
In the step S6, the controller 24 generates a command
signal for the target engine speed No to the engine ECU
23.

[0019] The calculation of the target engine speed No
in the step S5 is performed according to the procedure
that is shown by the part enclosed by dotted line in FIG.
2. Specifically, the deviation Vd between the target ve-
hicle speed Vo and the actual vehicle speed V is inputted
toa P term calculation section 30 and an | termintegration
section 31. The | term integration section 31 integrates
the I term by integrating the present | term to the previous
| term based on the deviation Vd and outputs to an | term
calculation section 32 a signal indicative of the value of
the integrated | term. The | term calculation section 32
calculates the | term from the input integrated value of
the | term. A signal of the actual vehicle speed V is also
inputted through afilter 33 to a P gainincrease calculation
section 34. The P gain increase calculation section 34
calculates the P gain increase value from the difference
between the target vehicle speed Vo and the actual ve-
hicle speed V passed through the filter 33 and mapped
data previously prepared based on testing with respect
to the actual engine speed N and outputs the calculated
P gain increase value to the P term calculation section
30. The P term calculation section 30 calculates the P
term from the deviation Vd and the P term gain increase
value. The P term outputted from the P term calculation
section 30 and the | term outputted from the | term cal-
culation section 32 are added to calculate the target en-
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gine speed No.

[0020] That is, the controller 24 has the P term calcu-
lation section 30, the | term integration section 31 and
the | term calculation section 32 which constitute an or-
dinary structure for determining the target engine speed
by using PI control based on the deviation Vd between
the target vehicle speed Vo and the actual vehicle speed
V and further has the filter 33 and the P gain increase
calculation section 34. According to the configuration de-
scribed above, the P term is calculated by the P term
calculation section 30 based on the P gain increased
according to the actual engine speed N. The upper limit
of the target engine speed No is so controlled according
to the actual engine speed N that the target engine speed
No becomes the sum of the actual engine speed N and
a value o.

[0021] During starting a vehicle or immediately after
such starting a vehicle, the difference between the actual
engine speed N and the target engine rotation No is large.
The value o is determined according to data previously
prepared based on testing so that excessive acceleration
and overshoot of vehicle speed are prevented. Mapped
data is made based on the value o and used when cal-
culating the P gain increase value in the P gain increase
calculation section 34. Although the value o varies with
the rated load of the forklift trucks, the value o should be
from 5 to 10 percents of the actual engine speed N.
[0022] In FIG. 4, the relation among the target vehicle
speed, the actual vehicle speed, the target engine speed
and the actual engine speed is shown with regard to a
case that the target vehicle speed is 16 km/h and that
the vehicle speed reaches the target vehicle speed in 8
seconds from a start. In the graph, the target engine
speed (without limitation) corresponds to the target en-
gine speed No that is determined by the conventional PI
control based on the deviation Vd between the target
vehicle speed Vo and the actual vehicle speed V. The
target engine speed (with limitation) corresponds to the
target vehicle speed Vo that is limited by considering the
deviation between the target engine speed No and the
actual engine speed N, which is determined by the PI
control according to the present embodiment.

[0023] In FIG. 4, the dotted curve between zero-sec-
ond position and approximately four-second position rep-
resents the actual engine speed that is required for load
handling. After the four-second position, the actual en-
gine speed coincides with the target engine speed. The
solid curve between zero-second position and approxi-
mately 2.5 second position represents the target engine
speed (with limitation). The downward sloping straight
line represents the target engine speed (without limita-
tion). After approximately 2.5 second position, the target
engine speed (with limitation) coincides with the target
engine speed (without limitation). That is, when the de-
viation between the target vehicle speed Vo and the ac-
tual vehicle speed V is large, the upper limit of the target
engine speed No is controlled according to the actual
engine speed N.
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[0024] In the case that the target engine speed No is
determined according to the conventional Pl control
based on the deviation Vd between the target vehicle
speed Vo and the actual vehicle speed V, the difference
between the target engine speed No and the actual en-
gine speed N in starting a vehicle is too large with the
result that, when the engine ECU 23 controls the engine
11 according to the target engine speed No, the engine
speed may exceed the speed at which the vehicle travels
at a proper vehicle speed or the vehicle may be exces-
sively accelerated. However, the controller 24, which
controls the upper limit of the target engine speed No
according to the actual engine speed N, can prevent the
vehicle from being excessively accelerated and over-
shoot of the vehicle speed while securing the engine
speed required for load handling in the case that even
when the deviation Vd between the target vehicle speed
Vo and the actual vehicle speed V is large, for example,
during starting of the vehicle. Therefore, the operator
feels less rapid movement of the vehicle when starting
the vehicle.

[0025] The present embodiment has the following ad-
vantageous effects. (1) The vehicle speed control appa-
ratus of an industrial vehicle sets the upper limit of the
target engine speed No according to the actual engine
speed N when the target engine speed No is determined
according to the Pl control based on the deviation Vd
between the target vehicle speed Vo and the actual ve-
hicle speed V. Therefore, when the deviation Vd between
the target vehicle speed Vo and the actual vehicle speed
Vis large, forexample, when starting a vehicle, excessive
acceleration and overshoot of vehicle speed can be pre-
vented while ensuring the engine speed required for load
handling.

(2) The target engine speed No is limited only when
the difference between the target engine speed No
and the actual engine speed N is large, for example
when starting a vehicle. Therefore, during steady
traveling of the vehicle when the difference between
the target engine speed No and the actual engine
speed N is small, the target engine speed No is not
influenced by this limitation.

(3) When the operator drives the forklift truck 10 and
performs load handling by inching operation or re-
peating start and stop, the target engine speed No
increases according to the increase of the actual en-
gine speed, so that the controller 24 commands to
the engine ECU 23 a target engine speed No that is
required for load handling.

(4) The controller 24 that forms a part of the vehicle
speed control apparatus includes the P gainincrease
calculation section 34, the P term calculation section
30 that calculates the P term based on the deviation
Vd between the target vehicle speed Vo and the ac-
tual vehicle speed V and the P gain increase value
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calculated in the P gain increase calculation section
34 and the | term calculation section 32 that calcu-
lates the | term based on the deviation Vd between
the target vehicle speed Vo and the actual vehicle
speed V. According to this configuration of the con-
troller 24, when calculating the P term in the P term
calculation section 30, the P term is calculated in-
creasing the P gain according to the actual engine
speed N. Therefore, the upper limit of the target en-
gine speed No is controlled according to the actual
engine speed N so that the target engine speed No
becomes the sum of the actual engine speed N and
the value a. The value o is chosen based on data
previously prepared through testing so that exces-
sive acceleration and overshoot of vehicle speed are
prevented when the difference between the actual
engine speed N and the target engine rotation No
increases during starting a vehicle. As a result, ex-
cessive acceleration and overshoot of vehicle speed
can be prevented while ensuring the engine speed
required for load handling.

[0026] The above-described embodiment may be
modified in various ways as exemplified below. Load han-
dling of the forklift truck 10 is not limited to lift operation,
but it may be operation using tilt or roll clamp attachment.
[0027] The control valve 13 may be either an electric
valve or a mechanical valve. In the case that the upper
target engine speed No is limited according to the actual
engine speed N, the upper target engine speed No may
be limited according to the actual vehicle speed V based
on the previously obtained data of relation between the
actual vehicle speed V and the actual engine speed N
which is obtained previously instead of using the actual
engine speed N that is directly detected. During load han-
dling by inching operation repeating start and stop, how-
ever, the limit needs not to be applied or such value o
needs to be set that load handling can be performed sat-
isfactorily in repeating start and stop.

[0028] The industrial vehicle is not limited to a forklift
truck such as 10 but it may be a traction vehicle. In this
case, a state that the traction vehicle has an object to be
towed such as a trailer, corresponds to the load handling
of the traction vehicle. The required power or the target
engine speed No depends on the weight of the object to
be towed.

[0029] The controller 24 may have a structure wherein
detection signals of the engine speed sensor 17 may be
sent directly to the controller 24 without transmission
through the engine ECU 23.

[0030] It may be so configured that the controller 24
has the function of the engine ECU 23 that controls the
engine 11. The engine 11 is not limited to a diesel engine,
but it may be a gasoline engine. In this case, the value
o is larger than in the case that a diesel engine is used.
[0031] The acceleration may be performed by means
other than the accelerator pedal 19, but a manually-op-
erated lever may be used.
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[0032] A vehicle speed control apparatus of an indus-
trial vehicle has a controller that determines a target en-
gine speed by PI control based on a deviation between
a target vehicle speed and an actual vehicle speed. The
controller controls an upper limit of the target engine
speed according to an actual engine speed.

Claims

1. A vehicle speed control apparatus of an industrial
vehicle, comprising:

a controller (24) that determines a target engine
speed (No) by PI control based on a deviation
(Vd) between a target vehicle speed (Vo) and
an actual vehicle speed (V),

characterized in that

the controller (24) controls an upper limit of the
target engine speed (No) according to an actual
engine speed (N).

2. The vehicle speed control apparatus of an industrial
vehicle according to claim 1, further comprising:

a P gain increase calculation section (34) that
calculates a P gain increase value;

a P term calculation section (30) that calculates
a P term based on the P gain increase value and
the deviation (Vd) between the target vehicle
speed (Vo) and the actual vehicle speed (V); and
an | term calculation section (32) that calculates
an | term based on the deviation (Vd) between
the target vehicle speed (Vo) and the actual ve-
hicle speed (V).

3. The vehicle speed control apparatus of an industrial
vehicle according to claim 1, wherein the industrial
vehicle includes a diesel engine.

4. A vehicle speed control apparatus of an industrial
vehicle, comprising:

a controller (24) that determines a target engine
speed (No) by PI control based on a deviation
(Vd) between a target vehicle speed (Vo) and
an actual vehicle speed (V),

characterized in that

the controller (24) sets a sum of the actual en-
gine speed (N) and avalue o as the targetengine
speed (No), wherein the value o is set to 10%
of the actual engine speed (N) or less.

5. The vehicle speed control apparatus of an industrial
vehicle according to claim 4, wherein the industrial
vehicle includes a diesel engine.
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FIG. 3
)

Detecting signal inputs from the engine speed sensor,
the vehicle speed sensor and the accelerator pedal sensor

W/ f S2
Calculation of the actual engine speed N, the actual vehicle speed V
and the actual depression of the accelerator pedal
W

Calculation of the target vehicle speed Vo \/ S3
by the actual depression of the accelerator pedal

W sS4

Calculation of the deviation Vd between the actual vehicle speed V f'
and the target vehicle speed Vo

Vi

Calculation of the target engine speed No ‘//85
based on the deviation Vd

A
Cutput of the target engine speed No JSG

End

FIG. 4

Target engine speed No

(without limitation) Target vehicle speed Vo

o /
< ; g ’ ‘ 2500 =
£ 14 l2o00 8
5
FIE 1500 9
a a
. oL~ e 1000 2
:'g A /,v'/‘:ﬁ Actual engine speed N {500 %
© 2 t .-/ Actual vehicle speed V W
> g ' - ' 0

0/8 4 6 8 10

Target engine speed No .
(with limitation) Time[sec]



10

15

20

25

30

35

40

45

50

55

EP 2 860 378 A1

9

des

Europdisches
Patentamt

European
Patent Office

Office européen

brevets

[E—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 14 18 5067

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

GB 2 141 268 A (DIESEL KIKI CO)

12 December 1984 (1984-12-12)

* page 1, line 11 - page 1, line 16 *
page 1, line 42 - line 48 *

page 1, line 74 - line 84 *

figures 1,3 *

* * %

DE 10 2008 054781 Al (BOSCH GMBH ROBERT
[DE]) 17 June 2010 (2010-06-17)
* paragraphs [0008], [0009],
[0014] *

[0010],

EP 0 333 702 A2 (VOEST ALPINE AUTOMOTIVE
[AT] BOSCH ROBERT AG [AT])

20 September 1989 (1989-09-20)

* page 2, line 1 - line 24 *

EP 2 415 994 Al (HONDA MOTOR CO LTD [JP])
8 February 2012 (2012-02-08)

* paragraphs [0007], [0008] *

The present search report has been drawn up for all claims

1-5

1-5

1-5

1-5

INV.
FO2D31/00

ADD.
FO2D41/00
FO2D41/14

TECHNICAL FIELDS
SEARCHED (IPC)

FO2D

Place of search

Munich

Date of completion of the search

4 March 2015

Examiner

Jackson, Stephen

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document




EP 2 860 378 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 14 18 5067

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

04-03-2015
Patent document Publication Patent family Publication

cited in search report date member(s) date

GB 2141268 A 12-12-1984  DE 3416539 Al 08-11-1984
GB 2141268 A 12-12-1984
JP $59203850 A 19-11-1984
us 4603668 A 05-08-1986

DE 102008054781 Al 17-06-2010  NONE

EP 0333702 A2 20-09-1989  DE 3808820 Al 28-09-1989
EP 0333702 A2 20-09-1989
ES 2049847 T3 01-05-1994

EP 2415994 Al 08-02-2012  EP 2415994 Al 08-02-2012
JP 5116877 B2 09-01-2013
US 2012016562 Al 19-01-2012
W0 2010114025 Al 07-10-2010

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




EP 2 860 378 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 7011987 A [0002]

10



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

